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Figure S1. Experimental (black symbols) and theoretically predicted (red and blue lines) timeof-flight (TOF) distributions of H 2 and D 2 formed in associative desorption on Au(111).
Gaussian Parameters Describing the Measured Kinetic Energy Distributions of H 2 and D 2 Formed in Associative Desorption on Au(111)
To report the obtained experimental data independent of the detailed balance analysis, we also give Gaussian function parameters in tables S1-S4. These describe the flux in kinetic energy, which were obtained using equation S1:
Here, the parameters are: ( , ), the amplitude of the peak, , the center and , the standard deviation. The experimental data was converted to flux in the kinetic energy scale and re-binned into bins of 40 meV. The fitting procedure excluded the thermal background by restricting to kinetic energies above 0.25 eV for v=0 and 0.15 eV for v=1, respectively. The algorithm used was the "lmfit" 1 module in python. The surface temperature was 1059-1063 K. Tables S1-S4 give the resulting parameters together with their standard deviations (1 , denoted by ∆) and the obtained reduced chi-square value of the fits. We point out that the amplitude parameters are only giving a relative scale. (S2)
Here, the parameters are: ( , ), the saturation value, 0 ( , ), the point of inflection of the curve and ( ), the width of the curve. Due to poor signal to noise ratio for some of the obtained data, we found strong parameter variation and uncertainties when fitting those individually. This was circumvented by restricting ( ) as a global parameter for data in the same vibrational state, irrespective of isotope and rotational state. This resulted in an increase of the overall fit reliability while not degrading the quality notably. Table S5 presents the ( ) parameters as well as the obtained reduced chi-square value of these fits. The remaining fitted parameters are presented in tables S6 and S7. We note that the ( , )-parameters are on a relative scale and can only be compared for each isotope individually. Again, the algorithm used was the "lmfit" 1 module in python and the surface temperature was 1059-1063 K. Table S7 . Error function parameters describing the measured TOF distribution for D 2 /Au(111).
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